Background {#Sec1}
==========

Work-related accidents and injuries in industrial organisations have always been a major issue worldwide \[[@CR1]\]. Despite all the positive changes and improvements in organisational structures and various technological developments in industrial settings, the number of serious injuries and occupational accidents has not decreased during the last decades \[[@CR2], [@CR3]\]. Moreover, as Sunindijo and Zou \[[@CR4]\] argue, while the industry employs only about 7% of the workforce worldwide, it is responsible for 30--40% of fatalities. Based on statistics, 100,000 workers are killed on construction sites every year ---one person every five minutes due to unsafe working conditions \[[@CR5]\]. Annually, according to the International Labour Organization (ILO), it is estimated that more than 2.2 million workers die as a result of occupational accidents and work-related diseases. Across the globe, workers suffer approximately 270 million occupational accidents that lead to absences from work for three days or more, and fall victim to some 160 million incidents of work-related disease each year \[[@CR6]\]. While cancers and cardiovascular diseases kill more workers than occupational injuries, the number of Years of Life Lost to work-related injuries is still significantly high as those injured were much younger than, for example, those who died from work-related cancers \[[@CR7]\]. This fact highlights the importance of conducting research on safety in the industrial settings. Research in the area of occupational safety related to safe work behaviour has become prominent during the past decades \[[@CR8]\]. Ensuring safe and healthy working conditions is an essential element of the quality of work life \[[@CR9], [@CR10]\]. Several researchers have attempted to determine the effects of workers' occupational safe behaviour on work injuries across a range of industrial settings \[[@CR11], [@CR12]\]. Findings from a number of studies have indicated that unsafe work behaviour increases the probability of accidents and fatal injuries in organisations \[[@CR13]\]. For example, Shin and colleagues \[[@CR14]\] state that approximately 88% of workplace incidents in the construction industry are caused by unsafe behaviour, 10% by unsafe conditions and 2% by unforeseeable factors. Accordingly, all these reasons signify that safety has been considered an important issue in industrial settings. It is especially so in developing countries where workplace safety is a major area of concern because of the lack of safety regulations \[[@CR15]\]. Therefore, identifying such unsafe acts and conditions is the first step in taking action to eliminate them, minimize the risk of work-related injuries or illnesses and prevent further accidents \[[@CR16]\].

Behaviour-based safety (BBS) has been explored extensively across a variety of disciplines \[[@CR13], [@CR17]--[@CR19]\]. Research focuses mainly on both person and situational aspects to explain safety in industrial environments and how individual and contextual factors interact to influence workplace safety \[[@CR20]\]. The role of the construction project manager is crucial in increasing the level of safety performance \[[@CR4]\]. Findings indicate that managers are responsible for the implementation of the safety policies of the company as well as the management of challenging tasks which require them to have sufficient skills \[[@CR21]\]. Thus, managers need the ability to influence workers to adopt positive behavioural attitudes and intentions towards work safety \[[@CR22]\]. They also should report and investigate work-related accidents and near-misses to identify the root causes, and receive feedback from worker \[[@CR23], [@CR24]\]. Safety climate culture is generally accepted as another crucial indicator for enhanced safety in organisations \[[@CR25], [@CR26]\]. A number of notable safety climate studies provide empirical evidence to support a positive link between safety climate and safe work behaviour \[[@CR27]--[@CR29]\]. Zohar defined safety climate as the sum of shared perceptions among employees with regard to safety procedures, policies, and practices in the work environment \[[@CR30]\]. The development of a safety climate could be related to the elimination of unsafe acts and conditions and could lead to the prevention of occupational accidents and safety performance improvement \[[@CR31], [@CR32]\]. Another major contribution of the origins of safety performance is workers' knowledge of the safety procedures to manage safety risks \[[@CR33]\]. It is predicted that workers tend to make mistakes because they have lack of understanding on how to follow organisational safety procedures and regulations, are unaware of the potential hazards in their work environment, and have negative attitudes towards safety \[[@CR34]\]. It is therefore expected that a higher level of knowledge acts as a mechanism that increases workers' behavioural intentions to engage in safe work behaviours \[[@CR35], [@CR36]\].

Based on the published data from Iran, the trend of occupational accidents and work-related diseases is the same as the rest of the world \[[@CR37]\]. According to the Iranian Ministry of Labour, work-related injuries are mainly caused by unsafe work conditions as well as some individual characteristics \[[@CR38]\]. Petrochemical industries have been classified as a high-risk industry to the potential for serious occupational accident consequences and severe effects to the environment \[[@CR39]\]. Iran exports its petrochemical products to several dozen countries in different parts of the world and this has positioned Iran as the second largest producer and exporter of petrochemicals in the Middle East \[[@CR40]\]. Norozi and colleagues reported that in Iranian petrochemical companies, more than 198 fatal injuries occurred over the last decade \[[@CR41]\].

Research has shown that training of workers plays the most vital role in safety at work \[[@CR42]\]. There is evidence that safety training is considered as a safety improvement intervention to reduce accident rates \[[@CR43]\]. First aid training and safety training is the enhancement of safety knowledge that should be known by workers to guide them in how to improve their compliance with health and safety requirements. Managers must provide direct safety practices for workers to understand safety procedures \[[@CR43], [@CR44]\]. The importance of safety training has also been emphasised by Loosemore and Malouf \[[@CR45]\] who found that the knowledge acquired through many training programs often made workers more aware that their own behaviour and was an important factor in the avoidance of work-related injuries and illnesses, and also appeared to reduce workers' willingness to accept prevailing levels of occupational safety risk on industrial sites.

By considering the increasing number of recent accidents in Iranian petrochemical companies, qualitative research enables us to more fully understand workers' perceptions of the factors influencing safe behaviour and how to promote and maintain such behaviour which will, in turn, prevent injuries and workplace absenteeism. This paper presents the design of a study for the educational intervention in an Iranian petrochemical company, in which multiple forms of data (qualitative and quantitative) are incorporated and evaluates the intervention's effectiveness. We hypothesize that this intervention will be effective in terms of promoting safe work behaviour and will also reduce work-related incidents in the intervention group at the end of the study, compared to the control non-intervention group.

Aims and research question {#Sec2}
--------------------------

The overall aim of this study is to design and evaluate an educational intervention to promote workers' safe work behaviour. The specific objectives include:To design/ develop a conceptual model of safe work behaviour based on qualitative data;To design/ develop a questionnaire of safe behaviour based on the constructs of the conceptual model;To design an educational intervention based on the findings of the first two phases of the study to promote and maintain safe work behaviour.

The main research question is to determine whether the educational intervention leads to the promotion and maintenance of safe behaviour in the intervention group compared to the control group.

Methods {#Sec3}
=======

This study will be conducted and reported on the basis of Consolidated Standards of Reporting Trials (CONSORT) 2010 statement \[[@CR46]\].

Study design {#Sec4}
------------

The educational intervention will be evaluated using a randomised controlled trial. The Medical Research Ethics Committee of Tarbiat Modares University in Iran approved the study protocol (Approval ID: IR.TMU.REC.1395.503). All participants will provide written consent to participate in the study, will be advised that data are going to be anonymised, securely stored, and analysed for publication. They will be advised that participation will be voluntary, and they are free to leave the study at any time. A flow diagram of randomized controlled protocol is shown in Fig. [1](#Fig1){ref-type="fig"}.Fig. 1CONSORT flow diagram of the study design. This study will be conducted and reported on the basis of Consolidated Standards of Reporting Trials (CONSORT) 2010 statement. The figure shows the flow diagram of randomized controlled protocol

Study sample {#Sec5}
------------

### Participant recruitment and eligibility criteria {#Sec6}

A total of 176 workers will be recruited from an Iranian petrochemical industry. Since we seek to obtain a broad cross-section of worker opinions and experiences, we will use a combination of purposive sampling and maximum variation sampling strategies. Staff from the company's Safety, Health and Environment unit, who are not part of the research team, will invite workers, supervisors, and safety managers from various occupational groups working in the operations department and the maintenance and repair department who have experienced accidents and injuries or have witnessed colleagues' accidents to participate in the study (purposive sampling). Workers are eligible to participate if they have (1) work experience in the petrochemical industry for at least two years, and (2) participants' motivation to recount their experiences to the researcher. The exclusion criteria include (1) the reluctance of participants to continue to participate in the study, and (2) the lack of regular attendance at training sessions. During the interviews, respondents will identify employees who have information about workplace accidents in the company and are key informants (snowball sampling). These employees will also be invited to participate in the study. Before the start of each interview, a member of the safety staff will introduce the participant to the first author, who will provide clear verbal information about the study.

### Setting and sample size {#Sec7}

The research setting is a petrochemical industry in Iran. The study population consists of workers of this Iranian petrochemical company. Since this study aims to promote workers' safe behaviour, as reported by Waters and Duncan \[[@CR47]\] (a similar study), the effect of the behavioural safety program interventions that is considered as the dependent variable in this study has been 40%, if it is assumed that environmental factors and non-compliance by control group participants account for about 50% of this effect, namely 20%, for each group, based on the following formula \[[@CR48]\] and with 95% confidence interval and 80% power of a test, 78 participants will be required.. The researcher will hypothesize a 10% attrition rate (in both groups). In order to ensure that the total sample size is available, the researcher will need to recruit more participants to allow for attrition. Therefore, with the anticipated attrition rate, the researcher should enrol 176 participants. The participants will be randomly allocated to the intervention group (*n* = 88) or the control group (*n* = 88).$$\documentclass[12pt]{minimal}
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Measure {#Sec8}
-------

This study is Mixed Methods Research (MMR), in which the research methodology will be presented as follows:Conducting qualitative research;Conducting a literature search to identify theoretical models that have been used to explain and predict safe behaviour in the workplace, both in the petrochemical industry and more generally, and selecting a theoretical model that provides a suitable organising structure for each of the phases of research -- quantitative phase, survey, and RCT;Conducting a randomised controlled trial (RCT) to assess the effectiveness of the intervention.

Phase one: qualitative exploration {#Sec9}
----------------------------------

### Approach to interviewing {#Sec10}

Semi-structured interviews will be conducted to gain in-depth understanding of factors associated with unsafe work behaviour in the company. Probing questions will be used when answers are vague or ambiguous or to obtain more specific or in-depth information. Conducting the interviews and analysis of the qualitative data will occur through an iterative process, such that data from earlier interviews will be allowed to influence the content of later interviews. All respondents will be asked identical questions in the same sequence, but the interviewer will probe inductively on key responses. Sometimes the respondents will provide information on new areas and these will be included in subsequent interviews. This process enables the researcher to gain deeper insight into the data, while continuing the data collection \[[@CR49]\]. Data will be collected until no more new themes emerge from the data and the interviewer is confident that data saturation has been achieved \[[@CR50], [@CR51]\].

### Data collection {#Sec11}

The interviews will be conducted in the period May -- July 2017 at mutually convenient and private areas at the participants' workplaces. The interview questions will be classified into three categories:What are your individual feelings or perceptions of being safe at work?Have you experienced workplace accidents directly yourself or have you witnessed accidents by your colleagues in the workplace?What are the main factors contributing to the occurrence of workplace accidents?

The interviews will be audiotaped and a summary of the key issues in each interview will be then sent to each participant to ensure that the researcher will have accurately interpreted that participant's comments (a 'member check') \[[@CR52]\]. All interviews will be then transcribed in Persian and translated into English for qualitative analysis. Any identifying information in the transcripts will be removed prior to data coding.

### Data analysis {#Sec12}

Conventional content analysis will be used to interpret the content of text data through a systematic classification process involving coding and identifying themes \[[@CR53]\]. Open coding will be carried out to allow codes to emerge from the qualitative data and avoid codes based on predispositions of the authors. Immersion in the data is an important first stage in the analysis process during which transcripts will be read and re-read many times to become completely familiar with the data. Repeated reading and re-reading of transcripts without coding helps identify emergent themes from the data without losing the connections between key concepts and their context. Content analysis will be performed using MAXQDA (Ver. 2018) software to facilitate and document the coding process and retrieve codes afterwards. It should be noted that while software can assist researchers to organise qualitative data, computer software for qualitative analysis does not analyse data and the researcher makes decisions about coding participants' responses, and the relationships between codes, coding categories and broader themes. MAXQDA allows the researcher to upload raw data, such as transcribed interviews, that then can be coded and cross-referenced in ways that facilitate organising the data for easy retrieval.

This study will employ the approach to qualitative content analysis described by Graneheim and Lundman \[[@CR54]\]. This approach consists of the following elements: units of analysis, meaning units, condensation of meaning units, and development of codes, categories and themes. One of the most basic decisions when using content analysis is selecting the unit of analysis. Whole interviews or observational protocols are considered to be units of analysis. In the second step, the interview text is divided into smaller units called meaning units. A meaning unit --- which could be words, sentences or paragraphs --- contains aspects, words or statements that relate to the same central meaning. In the third analysis step, condensation, units are shortened while still preserving their core meaning. In the fourth step, codes are developed as descriptive labels for the meaning units. They are tools to help researchers reflect on the data in new and different ways. The fifth step is to sort codes into categories that answer the question, "What?". In other words, a category is formed by grouping together those codes that are associated with each other through their content or context and belong together. A theme can be seen as expressing the underlying meanings together in two or more categories. The final step of data analysis is the creation of themes. A theme answers the question, "How?". Therefore, theme names include verbs, adverbs and adjectives and are very descriptive.

Phase two: questionnaire survey {#Sec13}
-------------------------------

A variety of conceptual models of workplace safety have been developed to help organise research findings and guide the development of occupational safety programs \[[@CR55]--[@CR57]\]. These models are useful because they highlight the importance of workers' job characteristics, the job tasks being performed and the organisational structure. These models have been applied to raise workers' awareness of occupational hazards and encourage them to adopt safe behaviour \[[@CR58], [@CR59]\].

In present study, theoretical models which have been applied to explain and predict safe behaviour in industrial settings, more generally and in parallel, and theoretical models that have been developed or applied in the petrochemical companies will be investigated. Findings that emerge from the qualitative phase will then be employed to identify the best model fits the data. In regard to the model components, questionnaires will be designed/ developed to conduct a pre-test survey. Based on information obtained from this, educational needs assessment will be conducted and then an educational intervention will be designed in order to train workers.

### Questionnaires {#Sec14}

The questionnaire will consist of two parts. The first part will cover social demographics and the second part will include the constructs of the conceptual model. Data will be collected at baseline, after the intervention, and after three months for workers from the intervention group and the control group. The questionnaires will be anonymous to promote participation and workers' confidence in the intervention. All the participants who will be doing measurements will be blinded to the assigned groups of the study.

Phase three: randomised controlled trial (RCT) {#Sec15}
----------------------------------------------

The randomised controlled trials (RCTs) is the basic methodological paradigm for the evaluation of public health interventions. RCTs aim to generate that the assignment of study subjects to the intervention or the control group is exclusively due to chance, thus avoiding effects of confounding and selection biases. The availability of a control group makes it possible to distinguish between epidemiological and/or statistical associations and cause-effect relations \[[@CR60]\]. The RCT design is a significant strength of this study, including qualitative and quantitative measures to assess the effectiveness of the intervention.

### Intervention {#Sec16}

The intervention will include multiple components associated with information obtained from pre-test stage and constructs of the conceptual model. Participants will attend eight weeks of biweekly 90-min intervention sessions. Each session will consist of two parts, a 60-min interactive workshop followed by a 30-min group activity. There will be different themes for each of the workshops, which will start with a presentation to highlight the important factors, and effective strategies for changing unsafe behaviour to overcome barriers they may have encountered and discussions between workers and the researcher. Then, each workshop will be followed by group activities. All video and written teaching materials for these sessions will be prepared by the research team. One important goal of the workshops is to teach workers how to identify workplace hazards, to promote their own safe behaviour and maintain it. In the second part of the intervention, texts and messages related to different aspects of workplace safety will be sent to the participants in the intervention group via WhatsApp. Apart from the workshops, there will be two consultation sessions with managers and supervisors during the intervention period. These sessions will prompt them to be fully committed to safety issues so that top prioritisation of safety will be widely accepted. Finally, educational software (multimedia) will be designed. Participants allocated to the control group will be asked to attend measurement sessions, but they will only receive the intervention six months later (i.e., after the follow-up time point).

Analyses will be conducted using SPSS Ver.24 and alpha levels will be set at *p* \> 0.05. Descriptive statistics will be applied to describe the study population at baseline. The categorical variables will be analysed using frequency distribution description and centralised trend description. The continuous variable will be analysed using means ± standard deviations. The difference of characteristics of participants will be compared by t test or chi-square 2 test or non-parametric equivalent test. Effectiveness of the intervention will be measured by the differences between the study groups (intervention group and control group). To provide a more comprehensive analysis of the theoretical relationships among the factors in the conceptual model, path analysis techniques will be applied with AMOS Ver.24. Qualitative data from semi-structured interviews will be processed using MAXQDA (Ver. 2018).

Discussion {#Sec17}
==========

This study is designed to promote safe work behaviour among petrochemical workers. To the best of our knowledge, there are no qualitative studies that have examined workers' perceptions about factors affecting safe work behaviour in the petrochemical industry that could be used to inform the design of educational interventions in the published literature. The aim of this study is to address an important gap in the evidence on the impact of educational interventions aimed at improving safety-related behaviours may be delivered to workers, safety professionals or managers of the organisational settings using an RCT design. The mixed methods RCT design is a significant strength of this study which would often not be considered for evaluating the impact of educational programs in industrial research to date. RCTs are considered to be the "gold standard" with the highest internal validity and least amount of bias in the clinical and health care interventions, but these are less commonly utilised to evaluate the effectiveness of workplace interventions. As this evaluation illustrates, trials are relevant to workplace interventions and it is feasible to conduct an RCT in a work environment such as the petrochemical industry. Our study has also potential limitations that we need to consider. We will be conducting this RCT among workers in a petrochemical company, which means all participants are male. They may not be representative of the entire population, especially for workers in other organisations in Iran. A further limitation of this study is the use of self-report measures. Memory error, nondisclosure, social desirability concerns, and intentional misrepresentation may affect reporting accuracy \[[@CR61]\]. To reduce the chance of this occurring, standardised tools validated for use with vulnerable populations will be used where possible \[[@CR62]\]. Maximized participation will be regularly reinforced by providing bonuses. We anticipate that this study will assist in prioritising safety regardless of administrative pressure. Therefore, if shown effective, these training sessions could be organised and delivered by trained trainers in the future. Consequently, this intervention could be scaled to a larger number of Iranian industries in the future and could impact a broader population of workers.
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